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ATTRACT 


A static test investigation has been made of an augment or-wing flap system for 
the Modified C-fiA jen CTOL research airpiune. Tests were conducted using a 0.7 
scale model which had a span of 9> inches, a flap chord of 20 inches, and a full 
span double slot nozzle . The sensitivity of augmenlor performance to geometrical 
variables and the noise characteristics of the augment or-wing measured at flap 
angles from 6 ° to 75°. Flap surface static pressures and total pressures within 
the augment or were also measured. The augment or performance was found to be 
sensitive to the flan coanda surface position and flow blockage within the 
augment or. hoszic total pressure ratio was al ; o an inn paranetf-r. -no 

i 

optimum flan pivot point for the aircraft was determined. The augmentation ratios 
with this pdvot point location were near the maximum, measured for flap angles 
from 30° to t>5° • The maximum augmentation ratio, based, on i sen tropic thrust at 
the duct entrance, was 1.27 at 30° flap angle. The corresponding augmentation 
ratio cased on actual nozzle performance was 1.39* /is the augmentor passage was 
blocked off by a moveable segment of the flap , { "lift-dump' 1 ) , the thrust of the 
augraontor decreased until slightly negative thrust occurred with the passage 
completely blocked. 
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The augmentor wing concept for achieving very high wing lift coefficients has 
been under study for several years by II ASA and The Dellavilland Aircraft of 
Canada, .uimited {References 1-3). A program has 'been undertaken by the 
United States and Canadian Governments to procure an Augmentor Wing Jet 3TQL 
Research Aircraft by modifying a C-8A "Buffalo" aircraft (see Figure l). The 
Boeing company is under contract to UASA to modify the airframe including tne 
augmentor flap system and The DeHavilland Aircraft of Canada, Limited is 
under contract to the Department of Industry , Trade, and Commerce of Canada 
to provide the nacelle /propulsion system 'package for the aircraft. This 
test investigation was conducted as port of the aircraft modification program. 

A static test program has been completed on an augmentor-ving flan system for 
this airplane. A sketch of the major elements of the augmentor flap system 
is shown below 



Augment or-Wing flap System elements 
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The objectives of the test program, were to determine the following: 


1. The thrust augmentation characteristics of the augmentor 
flap at large scale. 

2. The sensitivity of augment or performance to small changes 

in geometry such as might be caused by deflection under 

flight load conditions. 

* 

3- Augmentor choke effectiveness as a means of thrust spoiling. 

This is used on the airplane as a means of lateral control 
and lift dumping. 

It. An understanding of the flow mechanism within the augmentor 
by means of surface pressure and rake total pressure measure- 
ments . 

i 

| 5* Nosale flow angularity (turning vane effectiveness) , discharge 

i 

I 

| coefficient, velocity coefficient along with momentum distri- 

! bution characteristics of the augmentor. 

t 

] 6. Augmentor noise characteristics . 

t 

7. Hinge-moment verification for design assumptions used for 
augmentor choke control surface. 

Based on the test facility maximum continuous airflow capacity and the trade- 
off between model flap chord length and span section length, a 0.7 scale model 
of a complete duct-nosale augmentor flap system was constructed and tested. 

The model simulated one half of one side of the airplane augmentor flap system. 
The model had a span of 35 inches and a flap chord of 30 inches. The model 
could be used to simulate either the wing panel inboard or outboard of the 


■TJ~ 
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nacelle by rerouting the air supply system and changing the duct area 
distributions by means of duct liners. 


The following geometric variations viere investigated curing the tes b 
augmentor throat spacing, intake door opening, lift tump angle, diffuser 
exit angle and Goanda flap positions relative to the slot nozzle exit at 
several flap deflection angles. In addition to testing these geometric 
variables for thrust performance, model acoustic levels, augmentor static 
pressures and exit momentum data were recorded. 

Augmentor performance in this report is presented in terms of the ratio,, of 
measured resultant thrust to the isentropic thrust at the augment or nozzle 
entrance . Augmentation ratio can also be expressed as the ratio of measured . 
resultant thrust to the measured nozzle thrust. The Figure below presents 
the maximum levels of augmentation produced by the model for both definitions 
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Test results indicated the highest static thrust augmentation was obtained with 

the diffuser angle set between I|° and 5 using an augmentor throat to nozzle 

height ratio (^/h^) between l£ and 17. The static test results showed that 

the augmentor was fairly insensitive to movements in the Coanda flap A 

6 

direction but small changes in the Z direction could greatly affect performance. 
Thrust augmentation was determined for a large range Coanda flap positions 
( A z & z ) • A typical performance contour plot is shown below. The sensitivity 
to variations in the Coanda flap position relative to the nozzle exit at 


j? ~ 3b' is similar to other flap angles tested. 



The uest also showed that small local obstructions in the throat of the 
augmentor proauced significant losses in augmentation^ while large variations 
in the intake door opening produced little effect on performance . The 
"lift duiip" tests showed that the augmentor thrust could be smoothly spoiled 
from maximum augmentation to slightly negative thrust values. 
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Flap static pressure data was used to determine airplane flap loads and hinge 
moments and also as an aid in understanding the augmentor flow characteristics. 
Total pressure surveys were taken at the augmentor exit to detect flow 
separation along the flap span and to evaluate the capability for determining 
airplane augmentor static performance. 

The augmentor was tested with both nozzles operating (double nozzle) and with 

the nozzles operating indivi dually (singe nozzle) . A single flap pivot point 

for the airplane augmentor flap was selected which was a compromise between 

single nozzle (engine out) and double nozzle (two engine) operation. The 

Figure below compares estimated aiiplane augmentor static performance versus 

flap deflection angle for the airplane flap pivot point selected. The maximum 

\ performance obtained ^ assuming infinite variation of the pivot point is also 

! 

j shown . It is of interest to note that performance near the optimum obtained by 

i the model can be achieved for the flap deflection angles of major interest 
| (30° to 65°) by using a simple fixed pivot position in the airplane design. 


i- 



> - i 

i o yo iX> 3o So bo to So 


P lpsP OcFLecnow ~ ~ 



Estimated Static Airplane Performance 
With Design Refinements from 0.7 Scale 


Test Results 
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In addition to the* conclusions discussed above, the followin'* were also 
observed : 

c Ti!e 0,7 scale model d^volcxied aroroxi mutely h l '> higher thrust aue?scn«,atioxi 
than the Aries Phase 17 tost model ( Reference 7 ). 


o ysxiir.ui.i no:? tie velocity coefficient attained was O.of’, at a pressure rat 


o The fiodol upper nozzle turn i nr, vanes overturned the flow I, t>° . 


o iVio at mentor performance v-vj r.ot sensitive tv upper and lover nozzles 
operating at moderately unequal pressure ratios. 


o 7 re puss are between tne intake door uni the upper rio::zK external surface 
should be convergent or p&raLiel to provide vibration- free operation. 

Acoustic ire as uro *\e nt 0 were recorded dur'*’ ny the static tr.su of th-: .j at- :ui creator 
flap system. The- ob.i>-.et of those rewrA n y; war. to determine tn<; basic no' rc, 
cuar act" riot ice and verify predict 0 ! noire levels of th- aufxentoi system. Th--* 
neds** ah the ontir-uu performance o ■* n f i ?; • ir at I on was u broad-band JJotrib.rti.cn 
of energy u .* t w*:-en ! : ;G an.: oil'.' etc,. Gmail movements from the out i rara jvesiti sn 
of the flap system relative to th** axis of the slot nozrlti caused des Crete 
tones tu to generate 1, The muxinur. perceived noise levels were observed to 
occur about l0° from the* flan system centerline and were within I to .5 . ‘3 Padb of 
estimates r.ude prior to the test, . At lover pressure ratios, tlie noise level cf 
the :.0° flaii configuration is consistently higher than the* levels for the higher 
flan an plan. 

based on this tost program, and the above conclusions, ire following design 
features were incorporate! in the Modified C-uA Airr lane design: 
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Flap diffuser angle was established as 1, J5° 

b<?sf' 

2 . Flap pivot point was located to obtain the compromise between engine 

out (single nozzle) at 30° flap angle and two engine (double nozzle) at 
30° and 65° flap angle augmentor performance,. 

3. Upper nozzle turning vane exit angle was adjusted to eliminate flow over- 
turning and minimize double nozzle cross flow losses. 

4. the flap internal support brockets and intake door aim were designed to 
eliminate obstructions in the augmentor throat. 

5. Intake door angle at the "flaps up" position was adjusted to eliminate 
possible vibration. 

The estimated airplane augment or performance based on static lest data is 
approximately 3,' higher than that produced by the full airplane model with similar 
flap geometry tested in the Ames 40' x GO 1 wind tunnel. Since the airplane 
performance is based on this wind tunnel data the static test has indicated with j 
a high degree of confidence 'that the augmentor flap system will perform 
satisfactorily and will not significantly contribute to the aircraft noise 
levels on the Modified C-tfA aimlane. 


REV SYM 


no. 




SYMBOLS 


A I 
A f 

V 

AH 

AB Ci ■ 
AHC 2 

‘\jN J Am ■ 

C 

C A , CA 

w CDL * 


W CDTH 


Axial force per unit span, Ib/in 
.Tat exit area, in^ 

2 

Average measured lower nozzle exit area, in 

T 

Static augmentation ratio, tt ^ — 

see Appendix. ' Ln “tH ' Iff 

Calculated augmentation ratio at tlie lower span flap exit rake, 
see Appendix. 

Calculate augmentation ratio at the upper span flap exit rake, 
see Appendix. 

2 

Average measured upper nozzle exit area, in 
Chord of individual flap element, in 
Sectional axial force coefficient, AF/qc 
Lower nozzle discharge coefficient, 

iJ LN 

^ , see Appendix. 

I LN 


Upper nozzle discharge coefficient, 
TJH 


K 


see Appendix. 


Augmentor isentropic jet thrust coefficient. 


q S. 


REF 


C , CPM 

M 

i lE 


c r CN 


p 

C.P. 


Sectional pitching moment coefficient about 1 ending edge, M/lc* 


P - P 
s o 


Sectional normal force coefficient, I\L/ o c 
Static pressure coefficient. 

Center of pressure/chord 



SYMBOLS (Cont'd) 


Choke deflection angle, degree 
Drag force, lb 

Flap deflection angle, degrees 

Section hinge moment, in-lb/in 

Sum of the upper and lower nozzle exit gaps, in 

Lift force, lb 

Average distance between the trailing edges of the augmentor 
flaps, in. 

Average distance from the intake door to the nearest point 
on the upper nozzle external surface, in 

Distance measured from the most point of the flat portion 
of the Coanda flap and the perpendicular to the flat portion 
of the Coanda flap to the intake door, in 

Ratio of augmentor throat height to total nozzle exit gap 

Distance from the nozzle exit measured parallel to the 
geometric nozzle centerline to the point on the Coanda flap 
nearest the geometric nozzle centerline, in. 

Jet mass flow rate, Ib/sec 

-Pitching moment per unit span, in-lb/in 

Normal force per unit span, lb/in 

Ehgine power setting parameter, rpm/ °K 


Indicator for mode of nozzle operation 


NOZFLO 


Mode of 


Double Nozzle 
Upper Nozzle 
Lower Nozzle 
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NOZ-PR 

P A> P AMB 
PR 

p 

TDA 

P TID 

P TOD 

P TLN 

P 

TUN 

Q, q 
s 

S REF 

T 

TP 

VJ 

X 

X/C 

z 


Morainal nozzle pressure ratio, P T /P ft 
Ambient pressure, psia 
Nozzle pressure ratio, P^/P^ 

Equivalent average duct entrance pressure bashed, on weighted 
nozzle flow rates, psia 

Inner duct entrance pressure, psia 

Outer duct entrance pressure, psia 

Lower nozzle average exit pressure, psia 

Upper nozzle average exit pressure, psia 

Dynamic pressure, psi, psf 
Side force, lb 

2 

Wing reference area, ft 

Resultant thrust, lb 
Test point 

Jet exit velocity, ft/sec 

Axial distance froiti leading edge to the flap pivot, in 

Non-dimensional distance from leading edge along flap element 
chord 

Distance measured perpendicularly frcm the nozzle geometric 
centerline to the nearest point on the Coanda flap, in 

Normal distance frcm leading edge to the flap pivot, in 


SH-iBOLS (Coat'd 


oC 

W 

P , BETA 
S F , DEL? 

^ CHOKE 
0 

P 


'© 

© 


9 . 


l 


I-Jing angle of attack, degrees 

Resultant side thrust angle, degrees 

Flap deflection angle, degrees 
Choke deflection angle, degrees 

Angle of flap element chord relative to >rLng chord plane,’ 
degrees 

Air density, Slugs/cu.ft. 

Resultant vertical thrust angle, degrees 
Flap diffuser angle., degrees 
Intake door angle, degrees 
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Test Configuration . Trie primary nozzle for the augmentor (ejector) flap 
system model was built as a scaled version of that planned for the airolane (Fig 2 
with a lower and. upper slot nozzle, separated by a thin splitter, and, fed by a 
double duct (inner and outer) system as shown in Figure 6. The airplane 
outboard duct-nozzle system called for a tapered inner duct and a tapered 
oui^er duct whereas with the inboard, system only trie inner duct would be 
tapered as snown in Figure 4 ■ Tne model was built with & constant area outer 
duct integral with a tapered inner duct. Figures 4 and 7 illustrate how the 
model was converted from the outboard simulation by removing the tapered liner 
from the outer duct and inserting a constant area liner. The crescent shaped 
constant area liner was required to preserve proper outer duct liach number 
simulation for the inboard tests. For inboard double nozzle tests both the 
upper nozzle air and the lower nozzle air were supplied through the outer duct. 

Phe axr that did not escape from the upper nozzle was dumped into a plenum from 
which it was fed to the lower nozzle. For the upper nozzle only tests, the air 
that would have normally been ♦spplied to the lower nozzles was passed back 
across the balance and dumped overboard. The ’’dump" flow approximated the 
outboard upper nozzle flow that is normally supplied through the inboard 
outer duct. The liner was required to reduce the outer duct area in order to 
simulate the airplane outer duct Mach number distribution for the inboard tests. 

itozzlc exit area adjust merit on the model was provided by using removable nozzle 
lips and shims to set any desired exit gap (+12)7 from nominal) as shown in 
Figure b. 
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The aoz 2 l es and splitter were connected, by a row (upper and ' lower } of turning 
vaaes that were designed to reduce turning losses and to provide a minimum of 
crossflow between upper and lower streams for both inboard and outboard 
systems, f i he turning vanes for both nozzles were spaced 1.1 inch apart and 
their chord lengths were 1.6l inch (model scale) and 1.26 inch (model scale) 
for the upper and lover nozzle, respectively (Figures '( and 3). The model 
was built with one set of turning vanes for the lower nozzle and two sets of 
turning vanes for the upper nozzle (inboard and outboard simulation). Air 
was supplied to the inner duct (lover nozzle) through a 1-1/2D turning elbow 
and a cascade turning vane section as shown in Figure 9. Figures 10 and 11 
show how the outer duct (upper nozzle) was suoplied with air from a plenum 
during the outboard simulation tests and through a duct ar.d a drilled plate 
(choke plate) during the inboard simulation. The drilled plate was designed 
to back pressure the upstream ducting and reduce the flow distortion at the 
total pressure rake at the entrance of the outer duct. 

the tapered inner duct used in the test model represented only one half of 

the auet system on one side of the airplane so the inboard end of tapered 

inner duct necessarily presented a blunt surface at the entrance of the outer 

duct flow. io minimize flow disturbances in the model outer duct flow, 

an axi symmetric nose fairing was fitted to the large end of the tapered inner duct 

as shown in Figures 7 and 8. 

Ail of the augment or f] up elements except the Co an da flap Were fabricated 

\ 

in one 98" long constant spanvise section (Figures 12 and 13). The Coanda 
flap was built in three span section lengths with a break at both flap 
bracket stations. The model flap structure for all elements was basically 
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made up of ribs wrapped with .090 in. aluminum skin which resulted in very 
stiff flap sections . The intake flap- was built with a fixed aft section 
and a movable forward section (± 30 ® from its flat position), as shown below. 



INTAKE DOOR ANGLE VARIATION 


The leading edges of both flap elements of the upper flap section (intake 
and shroud) were fitted with bellmouth entries (Figure ' ) and were installed 
during all ''flaps on" runs except two runs near the end of the test. The 
elliptical shaped bellmouths were used to preclude any possibility of flow 
separation during the static tests. 
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For most of the "flaps on" tests the upper and lower flap sections of the 
augmentor were held in their relative positions by adjustable turnbuckle links 
located, at the two flap bracket stations (l/k span in from each end) as shown 
an t’igure ll. These links provided quite a large range of flap throat (£-,), 
flap exit '^‘5 rin ^ diffuser included angle ( Q q ) adjustment. During the 
inboard simulation tests , the turnbuckle links were replaced with a pylon strut 
support as shown in Figure 15. This strut which was representative of that 
designed for the airplano^retnained on the model for the remainder of, the test, 

ihe aerodynamic loads on the augmentor flaps were carried entirely bv the 
wwo mam flap support brackets located at 1/1 span positions (Figure 16) . These 
flap support brackets also were designed with rotation and translation 
adjustment which allowed variations in and Z . 

Figure 16 also illustrates how the vertically mounted 95" span, model was 
bounded by end plates that were large enough to provide flow guidance during 
all flap position variations- 

The s netch shows that the airplane lift dump or augmentor choke system was 
represented nn the model by a full span hinged plate connected to the lower aft 
flap (Figures IT and 18) , The model lift dump was tested on the outboard 
simulation only. It was adjustable in rotation such that the flap exit 
opening could be varied from / = 0 (lift dump 'fully closed) to £ = 6,.l6 in 

(lift dung) fully open,) 
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the "charging station" for the isentropic conditions used in the performance 
calculations. For the inboard simulation, a 12 -probe rake at the other end 
of the outer duct was used fbr this purpose. The total pressure "charging 
station" selected for the lower nozzle was located upstream, of the inner 
duct cascade turning vanes and consisted of an eight-probe total pressure 
rake. The selection of the "charging station" locations was based on con- 
sideration of airplane total pressure rake installation ease, airplane- 
model augmentor performance level correlation and ease of pressure measure- 
ment in areas of potentially lowest flow distortion. 

t 

During the "flaps off 1 tests, 12 single -total pressure probes were installed 
in the exits of both upper and lower nozzles (Figure %•’’) evenly spaced 
across the span of the model. These probes were used to examine the nozzle 
exit spanwise pressure distribution. 

Single Bp probes were also instal l ed inside, both ducts spaced at approxi- 
mately l/3 model span positions (Figure 7 ) . 

Both the inner and outer ducts were instrumented with 10 static pressure 

taps evenly distributed spanwi'se along the ducts and positioned in the for- 

« 

ward part of the duct away from the nozzles (Figure t« ) . 

A total, of 176 static pressure taps were installed on the augmentor flaps. 

The static taps were distributed among three chord rows and two span rows as 
shown in Figures r -3 , 2 a 9 2 > > and . The center chord row had a larger con- 
centration of static taps than the upper and lower chord rows . The internal 
surfaces of the intake flap and the Coanda flap each were instrumented with 
a span row of static taps evenly spaced between the end plates at approximately 
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4 inch, intervals. The full span hinged plate that represented the airplane 
"lift dump" was instrumented with 13 evenly spaced static taps at the model 
center chord on the ''flow side" surface. The static taps on the flaps and 
on the lift dump were used to provide data for the flap loads and hinge 
moment analysis. 

Figures 2‘, r and show the two manually adjustable total pressure rakes that 
were installed during the flap exit pressure surveys. Each rake consisted 
of 20 evenly spaced total pressure probes and were fitted to a sliding track 
to allow for setting the rakes at any model span position. 

In order to examine the position of the nozzle jet sheet near the throat 
of the augmentor , a* 12-probe total pressure rake was fitted to the model 
as shorn in Figure and tested at several model span positions * The probes 
were spaced 0.13 in. apart and during the tests involving this rake (termed 
the Coanda rake throughout this report) , one probe was selected as a refer- 
ence probe and positioned at the nozzle geometric centerline. 

Facility . The 95-inch span augmentor flap model and platform type 6 com- 
ponent force balance with its support stand were set up at the Boeing north 
end nozzle test complex (Figure :u). The facility possessed the capability 
for independently measuring the two metered airflow supplies with a con- 
tinuous air flow capacity of 10 lb/sec per line. The test control building 
housed a test control panel and a punch paper tape data system. The test 
data, recorded on punched paper tape, was reduced by the Boeing Mechanical 
Laboratories computer program #480.01 and processed by the Boeing SIS 92 
computer . 
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Due to the height of the installed model and force balance and the requirements for 
measuring model noise data, the assembly was set up just outside the nozzle 
test complex building. In order to minimize the effects of inclement weather on. 
the model, a canvas awning was installed over the installation. The vertically 
mounted test model was oriented such that the augmentor flaps directed the mixed 
flow away from the test complex building where acoustic microphones were set up 
at a 50-foot radius from the model (Figure 31 ) , 

Acoustic measurements were recorded at 10° intervals from the flap system 
centerline. The acoustic data is discussed in a following section of this 
report. The measured noise levels were not significantly affected by the buildings, 
equipment, ground cover, or air supply line noise. 

The primary nozzle airflow rates were measured with Hersel type venturi 
flow meters. Prior to the test, the flow meters were calibrated against 
a standard noz-zle which is the established flow measurement standard within 
the Boeing propulsion and wind tunnel laboratories . The calibrations 
resulted in making slight adjustments to the standard published ASKS venturi 
flow coefficients and were incorporated in the computer program airflow 
calculation subroutine. 

The static calibrations of the platform-type force balance demonstrated 
repeatability of + . 25."’ of the model maximum thrust values. The force 
balance was fitted with a weather-tight covering and was kept at a constant 
temperature above ambient with electric heating elements. 

All pressure transducers used during the test were installed in a 
temperature controlled oven to assure maximum pressure measurement accuracy. 
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Test Plan . Before the model was installed on the 6-component force balance. 


a check calibration of the balance was conducted. A complete calibration 
of the balance was not necessary, as this had been performed previously at 
the Boeing wind tunnel complex. The check calibration conducted at the test 
site consisted of loading all pertinent balance components from zero to the 
maximum expected load in increments. The loads were applied to the. balance 
using a hydraulic actuator in series with a standard calibration load cell 
which ms calibrated with calibrated weights that are traceable to the National 
Bureau of Standards. The bellows -flexure air supply lines (figure » j ) that 
bridge the balance were pressurized in increments and any significant inter- 
actions that resulted were incorporated in the data reduction program. The 
interactions recorded on the lift apd drag balance components at maximum 
supply line pressure were less than 0 . 1 % of the maximum thrust- produced by 
the model. 

The model nozzle (outboard configuration), wing section, plenum, ducting 
and support frame were installed on the platform balance as an assembled 
Unit and leveled with shims to set the nozzle exit in a vertical line 
(Figure 30). 

The first configuration tested was the outboard nozzle with the flaps off 
as shown in Figure' 3i. During an attempt to operate the model under heated 
air conditions, an explosion occurred in the upper nozzle supply duct damaging 
the model severely. A thorough investigation of the incident resulted in 
the general conclusion that reignition of a residual volume of fuel-air 
mixture in the nozzle supply' ducting occurred. The model was removed from 
the test site and sent to the shop for repair. After prompt repair and 
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reassembly of the nozzle, inspection of the hardware revealed evidence of 
some warpage in the repaired nozzle. This warpage can be -described as a 
bow in the nozzle exit, as much as 0-3 inch across the span of the model. 
Correction of the warpage ms not possible, and the model was then set up 
at the test site and prepared for testing using ambient temperature air only. 

The test was divided into two major phases; the outboard simulation and the 
inboard simulation. For both simulations the nozzle was tested with the 
augmentor flaps on and flaps off. With the flaps off, nozzle performance 
(velocity coefficient and discharge .coefficient) were determined, for all 
three modes of nozzle operation: both nozzles (double), upper nozzle only, 

and lower nozzle only flowing. In order to determine the nozzle exit span- 
wise pressure distribution, twelve single total pressure probes were installed 
in an even distribution across the nozzle span in. the exits, of both upper 
and lower nozzles (Figure £ ?) . During the outboard nozzle tests, some 
attempts were made to measure nozzle exit side flow angles locally behind 
the nozzle turning vanes by using a yaw probe. 

When the augmentor flaps were initially set up for the outboard nozzle 
simulation, a large range of Coanda anc * ^ movements were calibrated 
against a grid pointer system designed into the adjustable main flap support 
brackets . During "the optimization tests this provided a quicker method for 
changing the flap settings than using measurements made at the Coanda flap 
each time . 

The relative positions of the upper and lower flap assemblies were set with 
a specially made tool that provided for a constant fore and aft setting used 
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throughout the test and allowed for setting a wide range of throat spacings. 
The flap diffuser angle ( 0 e ) was set with another tool preset to the desired 
angle. Due to manufacturing tolerances in the long span model flap sections, 
some variation in the flap exit width ( & a ) across the span existed with the 
diffuser angle set equal at the two flap bracket stations (+ .2" } . An average 
was determined from, several measurements taken along the span. 

Surveys of the augmentor flap exit were conducted for several configurations 
during both outboard and inboard simulation tests- (figures and ;■$ . This 
was done by measuring flap exit total pressure using two 20-probe rakes con- 
nected to a bracket that was adjustable spanwise. Being a manually adjust- 
able rake, a thorough survey of the augmentor exit was very time consuming 
so this data was only recorded at nozzle pressure ratios equal to 1.8 and 
2.25 (estimated approach and takeoff power settings for the Modified C-8A). 

After completion of the outboard simulation tests, the upper nozzle lip and 
associated turning vanes were replaced with another upper nozzle lip with 
turning vanes designed t6 turn the flow entering from the other end of the 
outer duet. At the same time, the tapered liner in the outer duct was removed 
and replaced with the constant section liner. This configuration, with the 
upper nozzle flow and lower nozzle flow entering from opposite ends of the 
model, represented the inboard simulation. 

In order to provide "on line" calculations of model augmentation ratio, a 
manual calculation technique was used. This required the test facility 
operator to set the model conditions at prescribed pressure ratios, thus 
establishing the nozzle's thrust level. The augmentor performance could then 
be closely determined from the force balance outputs printed out on the raw 
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data tapes. The hand calculated values were usually within Vp of the computer 
calculated levels and provided an immediate evaluation, of the relative per- 
formance levels of the various test configurations. 

It was originally planned that during the inboard simulation tests (double 
and upper nozzle modes) the lower nozzle flow would be measured with a flow 
nozzle that was installed in the air plenum tank. The lower nozzle flow 
rates measured with this method were not repeatable and were quite differ- 
ent in absolute level from lower nozzle flow rates calculated during the 
outboard tests. There was insufficient time available to investigate and 
remedy this problem, but it is believed that the erratic flow measurements 
were caused by high flow distortion near the flow nozzle entrance in the 
plenum. It was therefore decided to set the lower nozzle flow rate for the 
inboard simulation (double and upper nozzle modes) equal to the lower nozzle 
flow rates established during the outboard tests, since the lower nozzle 
was not effectively altered during the configuration changeover . Eor all 
inboard tests, the upper nozzle flow rate was determined by subtracting 
the lower nozzle flow (from outboard data) or the ’"dump flow'' from the 

* 

total flow. 

Most of the double nozzle ^ ^ - Z opt imi zation tests along with the lift 
dump tests were conducted with the outboard simulation configuration. Some 
double nozzle Z optimization tests and all of the single nozzle Z optimi- . 
zation -tests were conducted with the inboard simulation configuration. 

Table I on the next page summarizes the major configurations that were 
tested. Detail model definition and test data is contained in Reference h arid 
comnuter tabulated data is contained in Reference IS. 
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Nozzle Performance 

Velocity Coefficient . 1116 nozzle performance characteristics, with the flaps 
off, were determined for both inboard and outboard simulations for the three 
nozzle operation modes (double, upper, and lower). Nozzle velocity coefficients 
discharge coefficients for both simulations and all operation modes are 
presented on Figures 3 ** through 39 . Peak velocity coefficient for both 
inhoard and outboard simulations is approximately 0.92 for double nozzle 
operation and is slightly lower for single nozzle operation. The small’ thrust 
losses under single nozzle operation were attributed to base drag effects at 
the exit of the non-operating nozzle. Several runs were conducted with the 
upper and lower nozzles operating at different pressure ratios. The plot on 
Figure ^indicates that the double nozzle performance for equal and unequal 
j pressure ratios is essentially the same. A comparison of the inboard and 
| outboard nozzle performance levels shows agreement within one percent as shown . 
t on Figures 3 ^ through 39 . 


Nozzle velocity coefficient, the nozzle efficiency parameter, reflects thrust 
losses compared to a fully expanded nozzle passing the same mass flow. The 
isentropic velocity used in the thrust calculation for the fully expanded 
nozzle is a function of the total pressure ratio measured at the station 
selected to assess or "charge" system thrust losses. It follows that the 
absolute performance levels of any -thrust system are directly dependent on 
the "charging station" selected for the performance calculations. Figure 
shows four levels of C^. calculated for four different stations in the model 
for the outboard simulation under double nozzle oner at ion. It is essential that 


when comparing absolute performance levels between different models that 
definition of the specific "charging station" location is known. . 
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Also shown on Figure 1*3 is the nozzle performance level measured during the 
Ames Phase I wind tunnel model test (Reference 2.). The charging station used 
for' the Ames wind tunnel model performance calculations can "be best compared 
with the Boeing ’’duct average" charging station. A performance comparison 
between the two models shows that the Boeing nozzle is from 2 % to 3 % higher 
than the Ames wind tunnel nozzle performance. Using a semi-emperical method 
(Reference 5), which correlates peak nozzle velocity coefficient with a 
function of the hydraulic diameter at the nozzle throat., peak nozzle velocity 
coefficient for the Boeing 0.7 scale model slot nozzle was 0.93 as shown on 
Figure 41. This value was compared with the level based on the nozzle exit 
total pressure. The peak velocity coefficient calculated from the semi-emperical 
j method is within 0.5# of the Boeing measured value. 


Discharge Coefficient . Examination of the nozzle discharge coefficient (C^) 
data for both inboard and outboard simulations shows a consistent difference 
between the lower and upper nozzle absolute levels as shown on Figures 34 
through 37. These level differences can he attributed to the difference 
in the lower and upper nozzle "charging stations” and the inability to accurately 
measure the exit area of the nozzle -of this type. The values under single * 
nozzle operation for the outboard simulation were approximately 2 % higher than 
the levels measured during double nozzle operation. This was believed to be 
due to deflection of the thin splitter (area change) during single nozzld 
testing with a slot nozzle of this type, since a 2 % change in exit area can 
result from only a .003" deflection of the splitter at the nozzle throat. The 
slopes of the curves consistently show a decrease in discharge coefficient 
with increasing pressure ratio. This is opposite the characteristic of a 
nozzle with vena contracta effects. The explanation for this phenomenon, at 
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least for the unchoked conditions, is based on the discharge coefficient in 
this case being applied to a duct-nozzle system. The ability of the slot 
nozzles to flow fully is controlled somewhat by the turning effectiveness as 
the flow enters the nozzles from the supply ducts. As the duct Mach number 
increases, the ability of the nozzle near the supply duct to flow effectively 
decreases. However , examination of the nozzle exit spanwise total pressure 
distribution data does not indicate this effect with increasing pressure ratio, 
but this data should not be considered conclusive due to the limited number of 
nozzle span positions examined. 

Nozzle Exit Pressure Distribution . Nozzle exit spanwise total pressure 
i 

{ distribution data for both inboard and outboard simulations and for both 

l v 

1 upper and lower nozzles are presented on Figures and 1 *! . For the most 
i part, the data shows that the nozzle exit spanwise pressure distribution is 

: quite constant except for the nozzle areas near the duct entrance. 

! 

< 

^ Nozzle Supply Duct Mach Humber -and Pressure Losses . The nozzle supply duct 
j Mach number was measured at several positions in both the inner and outer ducts 
| for both simulations. Plots showing the measured duct Mach number compared to 
| the airplane design values (which included aileron airflow) for both simulations 
are shown in Figures ^ through ^6. A Mach number plot for the inner duct 
inboard simulation is not enclosed as this configuration was the same as that 

; simulated for the outboard. The measured values from the model test show close 

! 

t 

| agreement with the design values. Figure *>? shows the magnitude of the system 

total pressure losses for both the upper nozzle (outer duct) and the lower 
I 

I nozzle (inner duct) as a function of pressure ratio. 


a i 

< i 
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Resultant vertical and side thrust angles- were 
computed from the model lift, negative drag and side forces. The directions 
"vertical" and "side" refer to the orientation of the system as installed on 
the airplane. Plots of "both nozzle vertical (Figures i-d through 55) and sid< 
thrust (Figures c 'C through 63 ) angles versus nozzle pressure ratio for "both 
inboard and outboard simulations are shown. 


I Vertical Flow Angles . If the nozzle thrust were acting along the nozzle 
| splitter centerline which was set at 8° relative to the wing chord plane 

j the vertical thrust angle would be 8°, as shown below. 



UOZZLE CENTERLINE GEOMETRY 


i 


Figures and ^9 summarize the variation of vertical thrust angle with 

' pressure ratio. Under upper nozzle operation, the vertical thrust angle Q 

varied generally from 10° to 13.5° for both inboard and outboard simulations. 

0 varied from 6.5° to 9*5° for the double nozzle configuration. The vertical 

thrust angles produced by the lower nozzle demonstrated poor repeatability 

comparing the data from the inboard and outboard configurations shown on 
ft> 

Figures ^8 and For the inboard simulation, 0 varied from 2° to 3° 

(Figure } but varied Trom 5° to 8° for the outboard configuration (Figure 

1 R 

1 . The data does consistently show that during single nozzle operation, the 
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f > l ' ends ? n the direction of the non-operating nozzle^and with both strearts 

flowing (.double nozzle operation), the combined flow follows the splitter 
center line within +1°. as 
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Jet Deflection — Dingle hozzle Operation 

The effects of these nozzle flow angle characteristics on augraentor performance 

are discussed m the section on Augmentor Performance. 

» « 

— ■ Flo - w . ft n O- le . a .- Figures 56 and 57 summarize the resultant side thrust angle 
data and. provides .an indication of the effectiveness of the nozzle turning vanes 
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Jiff EXIT FLOW ANGLES 

Under all modes of nozzle operation wi th the outboard simulation, the side 
thrust angles were positive (overturning) or close to zero. Overturning for 
the upper nozzle was approximately twice that of the lower nozzle and varied 
from 2j° to 1-5° depending on the pressure ratio. Both nozzles operating 
together resulted in producing flow with very little overturning (Figure !>0) . 

V7ith the inboard simulation the lower nozzle and turning vanes, which were 
not changed, repeated approximately the same amounts of overturning as with 
the outboard simulation (Figures % and 5?) . The tpper and double nozzle 
operation modes resulted in negative side thrust ahgles varying from -2° to 
-3° (Figure 57) . 1.‘J r '-T tvh v t.v.e im- flow dJre-'ti -cio for \ ■ tv inboard 

n?:>i out be .*■1 ;ir?: tt.Lf »Ti » 
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It appears that with the inboard simulation, the upper nozzle is dominant in 

influencing the double nozzle flow angles. The negative sign on the side 

thrust angles indicates overturning again with the upper nozzle system as 

occurred with the outboard simulation (Figure 57). The effects of flow 

overturning and the resulting cross flow on augmentor performance are discussed 
* 

in the section on inboard augmentor performance. 

» 

Coanda Fake Survey , Several runs were conducted on the inboard simulation with 
the Coanda rake installed with the flaps off. Coanda rake pressure data was 
recorded at seven model span positions for all three modes of nozzle operation. 
Plots of the location of the peak pressure in the Z direction plotted relative 
to the geometric nozzle centerline at nozzle pressure ratios of 1.88 and 2.27 
are enclosed on Figure 64. The data shows the deviations in the local flow 
direction across the span of the model. The flow from the lower nozzle 
operating alone is directed away from the Coanda flap and the flow from the 
upper nozzle operating alone bends toward the Coanda which agrees in trend with 
the nozzle vertical thrust data. The location of the peak pressure at ^ distance 
from the nozzle exit shows considerable deviation from the measured nozzle ^ , 

It therefore must be concluded that these flow deviations are caused by local 
irregularities in the thin nozzle splitter. Plots of the Coanda rake total 

pressure profiles recorded at the seven span positions for the double nozzle 

thru 

configurations are enclosed on Figures 65 esd 67. 
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Augment or Performance - Outboard Simulation 


Proper positioning of the four-element augmentor flaps with respect to the 
primary nozzle exit will greatly augment the nozzle thrust hy proper mixing 
and diffusion of the primary and induced air systems. Thrust augmentation is 
also sensitive to the ratio of augmentor throat width (/ T ) to the primary 
nozzle exit height (h^) and the augmentor flap diffuser angle (Q £ ). Maximum 
thrust for an augmentor (ejector) with a fixed length will be attained when 
the induced flow is maximum and the mixing process progresses through the 
entire diffuser length without flow separation. Data from tests of an augmentor 
with similar flap geometry indicated that maximum augmentation for this model 
would be attained with the Coanda flap set relative to the nozzle exit at = 

LI 

5.18" and Z = 1,35” with a flap deflection angle of 30°, 

Effect of 0 g and ^,/h^ . With the flap deflection angle set at 30°, the 

Coanda flap position set at nominal ( £/ = 5.13", Z - 1 . 85 ") and under double 

nozzle operation, variations in the basic augmentor variables were tested for 

augmentation performance. As the test progressed it was evident that these 

values of ^ and 2 were close to optimum for = 30°. Quite a large range 

of flap diffuser angles 8 and ratios of augmentor throat height (^,) to nozzle 

exit height (h.^) were investigated. Figure 68 shows that a flap diffuser 

angle of 9 g of produced the highest augmentation with a rather sharp drop in 

performance at Q £ - 3°. With the flap diffuser angle held at 4°, augmentor 

performance is essentially constant for throat to nozzle height ratios ^ m /h„ 

T 11 

* 

varying from 15 to 17 with a small thrust drop at ^„/h^ = 13 as illustrated in 
Figure 69 . 
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Effect of Intake Door Angle (8^) Position. Plots, shoving the effect of 


varying the intake door angle (k on performance forc^, = 30° and 65°, are 
shown in Figures 7U and p,. Although the effects on performance are slight 
through the range of 9. tested, peak augmentation vas obtained at 6. = -10° 
for both flap angles tested, 

Coanda Flap Position ( -Z) Optimisation. Coanda position optimisations for 

Cl ^ 

both movements parallel to nozzle centerline and Z (movements perpendicular 

Ci 

to the nozzle centerline) were conducted vith the outboard simulation at 
<f_ = 30°, 50° , 65° , and 75° • Plots of augmentation ratio versus Coanda flap 
position at nozzle pressure ratios equal to 1.8 and 2.25 are enclosed on 
Figures 72 through 89. More complete optimizations were conducted at<^, = 30° 
and 65° as these flap deflections were the airplane takeoff and approach flap 
settings, respectively. Summary plots of the optimizations for all four 

flap deflections showing the peak performance position and % loss contours are 
enclosed on Figures 90 and 91 • Ihe data shows that augmentor performance is 
not sensitive to moderate movements in the direction hut performance can 
be effected severely for relatively small movements in the Z direction. For 
some positions at the higher flap deflections^ = 65° and 75° , performance 
decreases rapidly as the Z position is increased beyond a certain point (i.e, the 
Coanda surface is moved down relative to tho nozzle) as shown on Figures ana 
. p -7, This is due to loss of nozzle jet flaw aUa-An&nt on the Coanda and main 
flap elements being more sensitive at tho larger v flQV turning angles. 
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Several runs were conducted during the outboard simulation with the flap 
deflection angle at 30° and - 5 . 18 and Z = I. 85 . Figure 92 shows the 
augmentation ratio versus nozzle pressure ratio for all of these runs and 
is an indicatipn of the long term repeatability of the test facility. This 
data not only reflects the repeatability of the force balance and nozzle flow 
measurements but the ability to repeat the flap settings relative to the 
nozzle exit. 


Comparison with Theoretical Augementor Performance . The bar chart 
beJ os shows that the augmentor is very sensitive to inlet recovery Iobs . 
With augmentor flap skin friction, a 1-1/2# inlet recovery loss and a nozzle 
velocity coefficient of 0.92 included ,the calculated performance shows 
excellent agreement with the measured value. 


Reference \0 describes an analytical method of predicting ejector performance. 
This program was used to compute the performance for the 0.7 scale augmentor- 
f lap model tested here. Augmentation ratio was calculated showing the effects 


of the various system losses and are presented below. 
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Effect of Augmentor Flap Extensions . In an attempt to obtain data for direct 
conip -arisen with the Ames Phase IV wind tunnel test full span augment or model 

(Reference 2), the augmentor flap was extended 12" as shown above and tested 

* 

with a throat to not ole height ratio of 12.4. With the flap deflection angle 
<f_, set at 50° and the position set at it, ho", a £ optimization was conducted. 

X u 

An increase of 0,03 in augmentation ratio was realized at a 7. - l.bo" with the 
12” flap extension, A plot of augmentation ratio versus Z for this configuration 
is enclosed on Figure 91. The peak augmentation values compare very closely with 
the Ames model static performance levels when the nozzle performance 
differences are accounted for. With the 12" flap- extensions installed on the 
0,7 scale model, a peak augmentation ratio of 1.28 was attained, whereas the 
Ames Phase IV model produced an augmentation ratio of 1.22, 
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Figure ijx shows a 3% difference in nozzle performance between the two 
models indicating that the augmentor .pumping capabilities of the two are 
approximately the, same. 

Xiift Duma Performance . The lift dump (augmentor choke) tests were conducted 
only with the outboard simulation at </_, = 30° and 65°. Plots of augmentor 
performance for all nozzle operation modes with the lift dump .installed are 
enclosed on Figures 9H and 99. Augmentation drops smoothly as the flap exit 
opening is reduced until finally a slight negative thrust is produced with 
the lift dump closing off the augmentor exit completely (£ = 0). 

Single Nozzle Operation . Although optimizations were not conducted for 

single nozzle operation with the outboard simulation, single nozzle performance 
was measured at <f p = 30° and 65° (at optimum £• and Z from double nozzle 
tests). Plots showing the single nozzle performance versus nozzle pressure 
ratio are enclosed on Figures. 96 and 97- Augmentation produced by the upper 
nozzle operating was somewhat higher than the double nozzle performance as 
was expected, but the lower nozzle augmentation was down significantly from 
the double nozzle performance. Both single nozzle performance levels should 
have been significantly higher than the double nozzle levels due to the 
geometric increase in both the throat to nozzle height ratio (area 

ratio) and augmentor length to nozzle height ratio (mixing length). Examination 
of the vertical thrust angle data (Figure UB) shows the large differences in 
nozzle jet direction between the three nozzle operation modes. The lower 
nozzle configuration in particular, directs the nozzle jet away from the - 
Lo/mda flap as shown on the next page which results in poor lower nozzle 
augmentation without adjustments in the Z position. However, single nozzle "S n 
aptiriLzatiom were conducted 
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with the inboard simulation and the performance levels attained are discussed 
in the section on inboard augmentor performance. 


loWER. Ts OIXLt ot-iv-V 



SIHGLli NOZZLE OPERATIC! 

Augment at i on with Foszles Prorating at Unequal Pressure ratios , A few double 
nos ale runs were conducted at ^ = 30° and with the lower ncsclo operating 

at higher pressure ratio than the upper nozzle as will occur or. the Modified 
C-0A aircraft, Figure r jo shows the performance levels compared to mean levels 
representing- several runs from equal pressure ratio conditions. At cf), = 30° 
the data shows a small drop in performance .at the lower pressure ratios although, 
the levels arc very close to being within, the scatter band of data from the 
numerous runs at equal pressure ratios. At = if 5° the data scatter from 
the two unequal pressure ratio runs mokes any comparison inconclusive , 

Effect of dealing End Plate Gaps . Due to an Imperfection in the alignment of 
the model flaps and end plates , a small gap between the Goanda flap and the 
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upper end plate existed, particularly at the higher flap deflections. Also , a 
3/8 inch -wide cutout existed in the Coancia flap leading edge at the two main 
flap support bracket stations to allow for rotation of the flap assembly, 

Runs were conducted at each of the flap deflections ^ = 30° an -d 50° with 

I 

the upper end plate gap sealed and the Coanda flap cutouts filled in and faired 
smooth. Plots comparing the performance differences between the sealed and 
unsealed configurations at both flap deflections tested are enclosed on 
Figure 99 . At <f - 30°, the end plate gap sealing and Coanda cut out fairing 
resulted in an apparent one point gain in augmentation, although the data is 
within the scatter band of data from all of the unsealed runs. No difference 


in periormance was mea 


cured at S' ~ 5 > 0 °. 
F 


Coanda Rake Total Pressure fata . During the outboard simulation tests, Coanda 
rake pressure data was recorded at 3 span positions at - 30 ° and 2 span 
positions at cT^, = 65°. The Z positions of the peak pressures recorded are 
plotted at each span position are shown on Figure 100. The data does indicate, 
for the center portion of the model, that center of the nozzle jet is not 
directed along geometric nozzle centerline but is bent towards the Coanda flap 
for both flap angles under double nozzle operation. 

Flap - Beit Surveys . During the outboard simulation tests, augmentor flap exit 

total pressure data was recorded at 5 inch intervals across the model span at 

S = 30° and 65° under double nozzle operation. Figures ITLanu 102 show the 

F 

calculated flap' exit augmentation at each span position for cCj, - 30° and 65° 
respectively. Although the average calculated flap exit augmentation (1.26 
at Si = 30 °, 1.29 at S = 65 °) agrees reasonably well with the augmentation 
measured with the balance (l. 2 l| at = 30°, 1.25 at = 65°), the flap exit 
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survey data shows large variations in thrust across the model span. For each 
span location of low thrust a corresponding area of high thrust exists at 
adjacent span positions indicating that even though the thrust is low locally 
the •augmentor develops good, overall performance by momentum re-distribution. 

The total pressure distribution between the flap and shroud trailing edges is 
illustrated in Figure 103- This illustration indicates that the flow is well 

attached to the lower flap } surface but is separated on the shroud in places . 

* 

Augmentor Plow Distribution . Using flap static pressure data and total 
measured augmentor thrust measured vith both upper and lower nozzles operating 
at a pressure ratio of 2.25/ an analysis was made to determine the approximate 
individual flow rates passing through the four augmentor flap inlets. The flow 
rate calculated for each passage was based on the measured differential 
pressure at the surface static tap and.' its adjacent geometric area. The 
following flow rates were calculated for the individual ‘augmentor inlet 
passages: 


BLC slot 

7.86 

lb/ sec 

Quaternary Slot 

7«T. 

To/ sec 

Tertiary Passage 

30.8 

lb/ sec 

Secondary Passage 

37.1 

lb/sec 

TOTAL INDUCED FLOW 

83.I6 

lb/ sec 

Plus Primary Plow 

19.I3 

To/ sec 

TOTAL AUGMEHTOR FLOW 

102.89 

lb/ sec 


Based on the measured resultant augmentor thrust^ the total augmentor airflow 
was calculated to be 93*8 lb/ sec and compares reasonably well with the sum of 
the individual flow rates. 
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Augment or Performance - Inboard Simulation 


Coanda Flap Position (a) Ontimization (Double Kozzle) . With the inboard 

simulation Z position optimisations were conducted for all three nozzle 

operation modes. The ,, posluiono we.ro selected as the oouimum as determined 

from the outboard tests for each particular flap deflection. With doable 

nozzle* operation complete Z optimizations were conducted at = 30° and 6S Q 

F 

and a partial optimization, was done at £„ - b°. Fig; ires 104 , 10? and. 106 show 
the variation in double nozzle augmentor performance versus Z position. A 
complete optimization was not conducted at. = C° due to Z movement constraints 

-T 

on the model. 

Inboard Performance levels . The augmentation levels produced by the double 
nozzle inboard simulation are consistently lower (2 to 4 points) tnan the 
levels measured during the outboard simulation tests (compare Figure 10 4 with 
74 and Figure 105 viuh 84). ibcarain&tion of the resultant side thrust data 
from the flaps off tests reveals that the flow is being overturned for both upper 
and lower nozzle for both inboard and outboard simulations. The result is that 
■with the inboard simulation some crossflow of the two nozzle streams exists in 
the mixing zones of the augmentor {ejector) and is a possible explanation for 
the inboard performance loss. This explanation is somewhat inconclusive after 
comparing the single nozzle augmentation levels between the inboard and 
outboard simulations. The upper and lower nozzle Z optimization plots for the 
inboard simulation (<fp = 30° and 65°) are- presented on Figures 107 s 108, 109 and 
110 respectively. Comparison of this data with the single nozzle performance 
(outboard) presented in Figures ?6 and 97 reveals that the lower nozzle 
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(inboard and outboard) performance shows good agreement but the upper nozzle 

i ' 

(outboard simulation) augmentation is approximately four points higher than 
measured during the inboard tests at a comparative Z position for cQ. = 30°. 

The reason for this is not clear as this performance difference did not occur 
at <T_ = 65° (Figures 97 and 103) . During all inboard simulation tests' (double 

i* w 

nozzle), the upper nozzle operated at a higher pressure ratio than the' lower 

nozzle due to the mod. 1 lusting arrangement . .This nigh- ‘jreonnu for some of the 
augmentation loss with the inboard simulation. The effect on performance with 
the upper nozzle operating at a higher pressure than the lower nozzle was not 
investigated. As a result of the upper nozzle tunning vanes consistently over- 
turning the flow , the exit turning vane angle for the airplane design was 
reduced from l'>° to 

o 

Vibration Effects of Intake Door Position at Flaps Up (<£, = 6 ) . During 


performance runs, with the flaps up (cT^ = 6°) and the intake door angle (9^) 
set at -20° , the model emitted a strong low frequency sound with attendant 
vibration. 


FLAPS UP 





Divergent Passage at 9i~ 
Convergent Passage at 9i = 


- 20 ° 

-30° 



INTAKE DOOR GEOMETRY 
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uxaminuti on of tne passage between tne intake.- uoor and the* urp-’r nozzle 
external contour indicated the existence of a slightly divergent passage (see 
sfceicn on previous page), based on the presumption tnat this might cause flow 
instasility and result in low frequency vi oration, the intake was opened in 
increments to a maximum attainable opening of -30°. The low frenuency noise ajvi 
vibration vc-ro completely eliminated only when tne intake was opened fully to 
-30 rj . Inspection of the model revealed tnat with the intake door at 30° , Use 
intake passage was slightly convergent, supporting the conclusion that the 
vibration was caused by the divergent pass are. To minimise the possibility of 
this vibration occurring on the airplane aul resulting in potential structural 
fatigue, the intake door angle for the airplane was opened up from. ~C.C° to -31° 
at the flaps up position. , 

■df*fects of intuiated Airplane Flan gup-port bracxetry . While the inboard 
simulation tests were being conducted, designs of tee airplane augraentor flap 
support brac-ietry were final 1 zed. In order to determine the effects tin* 
airplane fl ap support hardware might have on the model augment or performance, 
scaled simulations of the airplane flap brackets were fabricate! and installed 
on the model in a series of configurations. The adjustable turn -buckle links, 
connecting the upper and lower augment or flap elements , were removed and 
replaced witn pylon type support struts {Figure 10). Performance tests were 
conducted with the pylon struts installed at <f_ - C° , 30° and 65°. So 
difference in augmentation was realized at <f p = f .° , but at the higher turning 
anrles (flap deflections), <Tp - 30° and t>5°, significant gains in performance 
vrere attained. Plots of augmentation versus nozzle pressure rat i n for 

= -°i oO c a;ro presented on Figure sill , 11.? and 1L3 respectively. 

The increase in augmentation at <f 7 = 30° ana i s believed mainly due to the 


bc-.'dfLffj 
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NOZZLE BLOCKAGE GEOMETRY 


would result from structural supports in tho airplane nozzle design, as shown in 


the sketch above, Nozzle only performance was measured with the nozzle blockage 



BENT INTAKE BOOB ARM CCGilRGlTATIO 


»T 

>4 


'file airplane configuration also included a bent intake door arm and local protru- 
sions {"Coanda Lumps" } on the upper surface of the Co an da flap at tne flap 
bracket stations that were designed to cover cutouts in the flap necessary for 
actuator linkage as shown in the above sketch and in Figure 20. 


The complete airplane simulation was then tested at <5^ = C ° , 30° and 05 °. No 
difference in performance was measured at cTp = 30 3 , a snail loss was realized 








a at-st Ov 


.at = 6° (flaps up) but a significant performance drop was recorded at 

(Refer to Figures 11^ ia>, and llo) . Due to the motion of the 

intake aim as the flaps are rotated ^ the "elbow” of the bent arm moved near the 

throat of the augmentor at (Tj, = 65° . Based on the assumption that this caused 

the significant reduction in augmentation at <f * 65°, the configuration was 

£ 

tested again except with the bent intake door arm removed. Figure 117 shows 
that, the performance is back to the leyel measured mth only pylon struts 
installed. With the flap deflection still at 6$° a straight intake door arm 
was installed on, the modal and tested, as shown 3n the sketch bcJov. 


t'S, 

♦ \ 



No loss in augmentation was measured with the straight arm installed as shown 
in Figure llv, supporting the r.irunption that the augmentor throat must be 
"clean" across the entire span of the augmentor for maximum performance. As a 
result of these data, the straight intake door arm was incorporated in- the 
airplane design. • 
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Effect of dluckii-r, Off ijuaternary Jk.t . Iri order to determine the effect cf 
the quaternary slot on static au^yientat i on , the clot was taped shut and 
performance measured at cf p - 10 ° . Figure 110 shews that vita the clot area 
blocked and without compel) a at Lng for tne area reduction by adjustments in the 
other intake passages, a two point loss in aiv “.mentation resulted. 

Effect of Closin g Intake at Flaps Up ( <T„ — 6" ) . Tt was also of interest to 
measure the augment or performance with tnc intake door fully closed (9. = 0) 
in the event of this ojcurranee in flight witn flaps up (<f = 6°). Figure l.?0 
shows the drastic reduction in static augmentation that resulted (augmentation 
ratio = 0. /!>) . This thrust level, which is even below the flaps off per f oman ce 
(Cy = •!)**) > is reasonable to expect with the severe base drag forces occurring 
in the augment or with the intake door close J, 

Effect of Upper Flap Intake -ocllmouthr, . The entire test was conducted with the 
intake beliirouths installed on the leading edres of the intake flap and 
shroud to eliminate the possibility of flow separation during ctatic conditions 
(Figure 3). iVo runs were conducted wit-h tne bellnouth entries removed with 
the flap deflection set at 30°. Figure 1,21 shows essentially that no change 
in performance resulted from the rejjnouths removed. 

Coanda Rake Total Treasure fat a. Peak pressure values from the Coanaa rake 

surveys plotted versus model scan recorded at cf - 30° and 65° for all nozzle 

F 

operation modes are presented on Figures 122, 123, anu 12k The warpage in the 
slot nozzles and splitters results in a variation in the Z location of the 
peak pressure near the augment. or throat of +.25 inch across the span of the 
model. Trie flow is directed away from the Co an da flan with the lower nozzle 
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flowing and bends toward the Coasnla flap with the upper nozzle flowing. 

For double nozzle operation a pressure ratio of 2 , 2.5 (airplane takeoff), the 
average (arithmetic) peak Z position of the nozzle flow across the model span 
v;as 1 . CG inch at - 30° compared to the geometric Z of 1.35 inch end 1, 5b 
inch at cfj, =■ 6>° (". geonu - 1 . hQ inch). This indicates that the augment or ben os 
the nozzle flow towards the Coanda surface. 


Augmentcr Flap Ey.it Purveys . > 'ore thorough pressure surveys of tne augment or 
exit were conducted during the inboard simulation than during the outboard 
simulation. Flap exit pressure data was recorded at 2 inch span intervals for 
tfp = ana t«5 c ' at all three modes of nozzle operation. £ resented in 
Figure 125 is the calculated flap augmentation ratio plotted versus model span 
for the inhoard simulation with the flap deflection angle at 3C° and loth 
nozzles onerating. The data shows considerable thrust variation across tne 
~o.k-,3. .spar, ec t occurred, vita the outboard .flan exit .survey a... (.Figures 101 and . > 
102) ,, but the average of the calculated au«7a«ntaticn values ( 1 . Of) 1 s cons iderabl 
lower than taut measured with the force balance (3. On). Tain poor 
ciVrw 1-tiicn oi’ the o .dealuten and :seaaureu augncntuli on is i.ios L likely due to • 


A i s lure •acc’U’uinlion in the flap exit pressure probes ykiau wo.d i cause 


erronenus, prt csuiv.'.ptttsuT'emcKtc Based- or thin- data,- it appears doubtful that; . 

f 

nyruratg, :j 3 r piano pcj^-rient^r .pyrfcjmappp, can he de.te.pnai ne,d. ,Qy .this, mpt-hd 3 ip- ,, 

I 

i tj c 1 e'i.ent , w,<= at her,, ,gopd i tj.on g „ 

Augmentation PJxtio at cT.. = dv° , and 7 / J . Double nozzle au "nonfat Los versus 
rdv zde pressure ratio plots for cf t ~'2^ c ', ?C r ’ and T f 1 are presented on Figures 
jc 5>"-.’7» 11-3 and lf:." J . " The Inboard si v.uiutlon per fora •mcc .levels ur. uj;/or 

1 

than- tnose rpas-ax-i vitz; - * u* outb* wd cl rial all as at '.aim- fiar."-d< ■ A 'ctiony . 

Trg? rea.-pa ): Ls roll' ycd to l-tg due ti. tr-c iru.-of Law, in, the pagr^uj-or u,ixi,n~ z-ni*-,;. 
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.-P.'jndu "la p, f iv* *t Point . •<: lecti on . fins single nozzle 'Z Gfitii„i zuti on? vo re 

conducted in order to provide data in consideration of "engine out" performance 

in selecti nr* the airplane flap oivot point position in relation to the nozzle. 

i^ure 130 presents augment at i on ratio versus £ position for all throe e.O'les 

02 no^^lc operation at = to *' and u ! j ° . Maximum performance is develooea at 

a difierent u posit i on for eacu nozzle op-ration node. Xu order to maintain 

niga augmentation during single ztor.zle operation (engine out) slight loss in 

peri orman ec* for t no double nozzle condition (two engines) was accept? l. 

A "test compromise" in performance between double nozzle and single nozzle 1 

position was selected from this summary plot. The target 1 positions were 

selected is u - I. 75* nodal scale at cT = 30° and 1,30" model scale at 

r 

- ^5°. Because seme of the cor.figurati onr. were not tested with the nylon 
strut „upporl struts installed, all 1 eve- 1 s on Figure 130 are corrected for 
the pylon strut ins lull at ion where necessary. Figure 131 snows the path of 
^>y aml - as a function of flan deflection that resulted from trie final ain lanc 

nivot point selection. Data from the complete /, ,,-Z optimizations conducted 

• ^ 

during tne outboard si, rail at Lon (Figures 90 and 9.1) showed the performance 
effects of being off optimum t x „ and S. A P,7 loss Boundary is shown on both 
and £ variations versus flap deflection. 

Estimate i Airplane Augment or Performance . Figure 137 shows the difference 
between the airplane augment or perforr.at.ee (a fixed pivot point] and the optimum 
augment or perforr.at.ee (varying pivot point). It can be seen tnat the 
airplane pivot point was selected to give optimum performance at a flap 
deflection of 50°, this riving the best compromise between the 30° (takeoff) 
and the 6 l }° (approach) design paints, and between the single and double nozzle 
operation performance levels. 
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Augmentor. Flap Static Pressure Data 


Introduction . Augmentor flap section pressure data from the 0.7 scale augmentor 
viing flap static test have been plotted and integrated to give section normal 
force coefficient, axial force coefficient, pitching moment coefficient about 
the leading edge of .each element, and center of pressure, for the intake, 
shroud, Coanda, flap segment and choke. Section flap hinge moments were 
obtained by applying the section loadings of each element to the full scale 
Modified C- 8 A flap geometry. Static augmentor flap and choke hinge moments 
were dete rmin ed for one flap segment of the full scale Modified C- 8 A. An 
equivalent dynamic pressure for the static test was derived and a comparison 
of element section loadings between the static test and the NASA- Arne s Phase IV 
test was made. 


Plotted Flap Static Pressure Data . The augmentor flap static pressure data 
have been plotted in the form of pressure coefficient (Cp) versus the non- 
dimensional position of the tap along the chord (X/C) . A dynamic pressure of 
1.0 p si has been used for Cp. Figures 133 through 137 identify the pertinent 
geometry, pressure tap locations, pressure data quality and interpolation and 
extrapolation instructions for the center chord flap elements. The five 
elements are the intake, shroud, Coanda, flap and augmentor choke.- Figures 138 
through 167 present sample plotted data for the outboard flap simulation, 
dual and u^per.noa^.e.nCperataorii,, flaps! ,30. with, a, .phpke . dqf Iqction , of u 1,9, .. 

for a range of nozzle pressure ratios from 1.1 to 2 .$. 


Integrated Flap "Static Pressure Data": ' The pressure coefficient- curves are 


given in Figures 138 through i 6 ? and the tabulated section coefficients resulting 


from, the into rr art .ion, of., this, data, is , containf d in .Reference,,, 13. In addition, the 




pressure coefficients and corresponding X/C values used in the integration 
are tabulated as well. 


Augment or Flao and Choke Static Hinge Moments 

Flap Section Hinge Moments . The Modified C-8A augmentor flap section hinge 
moments were obtained by applying the element section loadings obtained from 
integrating the center section pressure data. These section loadings were 
applied to the' full scale augmentor flap geometry. The hinge moment about the 
Modified C-8A flap pivot was obtained by transferring the loading from the 
leading edge of each element of the augmentor flap using the following 
equation. (See Figure 1 for definitions and sign conventions). 

^IVOT = ^ (G M T e ^i q ^ 

1=1 h.li. 


U 


+ ZI (G w * q * C ± ) (x. cos^ + z sin^) 


1=1 


H (C ' q * C ) (Z costi - X. sin^) 

i=l i * 


where q = 1 psi 

i Element 

1 Intake 

2 Shroud 

3 Coanda 

U Flap Segment 

n C and C are element section values from the static test; C., X. , 

Z and 4. are full scale Modified C-8A values. Modified C-8A values of C., 

pi T i x 
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5. j Z and A for flaps 6°, 20 & , 30°, H>0°, 65° and 75° are given in 

P (fx*9e X 77) 

Table 11^ . Sample section hinge moments for the integrated pressure data 
are given in Tigure ] vQ, 

Flap Static Hinge Moments for One Flap Segment . The hinge moments of one * 
flap segment of the Modified C-8A were based on the center section pressure 
data from the static test. It was assumed that the center section character- 
istics were applicable to the entire flap .span. Considering the sp amass 
non-uniformity of the augmentor flap flow, this assumption is not strictly 
true, but is not greatly in error. 

Figure \JJ .0 presents the static hinge moments for one flap segment as a function 
of average nozzle pressure ratio for flaps 6°, 20°, 30°, £o°, 6^° and }75>°. 
These hinge moments are for the full scale Modified C-8A flap • geometry, double 
nozzle operation, and with the choke in the faired position. In general, 
the flap hinge moments increase with an increase in nozzle pressure ratio. The 
flap hinge moment? tend to increase with decreasing flap angle although the 
flaps 65° data do not fit this trend.* Note that at low nozzle pressure ratios, 

flaps 65° has the- largest hinge moments and that the flaps £0° and 75° hinge 

moments are very small. There is no obvious explanation for this result. 

Figures 171 and 17? show the effect of augmentor choke 'operation on the flap 
hinge moments for flaps 30° snd 65° , respectively. Figure. 173 gives the 
relationship between percentage choke exit closure and choke deflection angle 
for the static test model. Initially, the flap hinge moments decrease as the 
choke is deflected from its faired position (0# closure). But as the choke is 

deflected past the 5> 0 % closure position the flap hinge moments increase , -until 

at 100# closure they are about three times the- level of the 0# closure position. 
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It is concluded that the largest flap hinge moments at aero forward speed 
would occur with the augmentor choke in the 100$ closure position at the 
maximum nozzle pressure ratio. 

Choke Hinge Moments for One Flap Segment . The choke hinge moments for one flap 
segment of the Modified C-8A were also based on the center section pressure 
‘ data from the static test. Figures 1J4 and 273 present static choke hinge 
moments about the choke leading edge as a function, of average nozzle pressure 
ratio for flaps 30° and 65°, respectively. Figures 376 and If? show choke 
hinge moments about the 26.2$ chord line of the choke which is the pivot 
point of the full scale choke. These hinge moments are for the full scale 
Modified C-8A geometry and double nozzle operation. 

Examination of the figures show that the choke hinge moments with the choke 
faired (0$ closure) are positive, but become negative for choke closures 
greater than about l8$, The choke hinge moments are seen to be a direct 
function of choke closure at a given nozzle pressure ratio. The choke hinge 
moments at flaps 30° are larger than those at flaps 65°. Also, the hinge 
moments about the 26.2$ chord line are only about one-third of the values for 
the leading edge. 

Derivation .of Equivalent Dynamic Pressure for the Static Test . The MASA-Ame s 

wind tunnel force and moment data have been applied to the Modified C-8A by 

assuming that., essentially, the lift coefficient, drag coefficient and 

pitching moment coefficient produced at a given value of augmentor isentropic 

jet thrust coefficient are the same, wind tunnel model ancl Modified' C-8A. 

"Variations in "isentropic jet thrust coefficient (C T ) for the NASA-Ames wind 

J I 

tunnel tests were obtained by varying the isentropic flap thrust while holding 
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the tunnel dynamic pressure constant j hence, the primary nozzle pressure ratio 
varied with C T . 


References 8 and 9 discuss prcpulsion scaling factors, and jet efflux and 
intake flow simulation. Reference o states that aerodynamic interference 
effects between the jet efflux and the mainstream flow past the airframe 
surfaces can be correlated non- dimensionally against a momentum-ratio or 
effective speed ratio / , 

f 


and ?j are the relevant mainstream and jet velocities, while yO Q and ^ 
are the corresponding densities. Equally well, a jet momentum coefficient 
(Cj — J/q Q S) can be employed as the primary correlation parameter, where J 
represents the rate of ejection of. momentum, q Q is the mainstream dynamic 
head and S is a planform area. 

Now, Cj is related to the effective speed or velocity ratio by: 


m 

p = J -J 
J % S EEF 


MV ? .t 

% AV '* S REF 


r . J3L * ^ 

J S REF » V 2 


Since the C of the NASA- Ames Phase IV model and the static test model are 
assumed, to be the same, the preceeding equation implies that -if the ratio 
2Aj/S^__, is not the same then the effective velocity ratios will not be equal. 


NASA- Ames Phase IV Model 0. 001*62 
. . Q . 7 . 5 ca] e ..St3.tic...le.s.t,. Modal Q.JX^iAL 
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(C ) = <c ) 

I STATIC TEST PHASE IV 


^eff^ STATIC TEST 


(V eff } PHASE IV 



(V, 


eff) STATIC TEST _ 


(V eff } PHASE IV 


{ 


0.0034 


0.00462 


f 0.7 35 


(V eff J STATIC TEST (0-858) (V eff ) pHASE Iv 


'For the same nozzle pressure ratio; 




= (/’X ) 


J J ' STATIC TEST ' J J ' PHASE IV 


Hence: 


(V eff J STATIC TEST 


(/?V 2 ) 

V/ o o ' STATIC TEST 


(V eff^ PHASE IV 


(Z>v ) 

O 1 PHASE IV 


STATIC TEST 


(q o } PHASE IV 


or: _ 


(q o J STATIC TEST 


EQUIVALENT 


(q o ^ PHASE IV (°* 735 ) 


(q o } STATIC TEST 


EQUIVALENT 


= (8 PSF) (0.735) ~ 5.9 PSF 
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Comparison of Static Test and NASA/Ames Phase TV Section loadings . 
Augmentor flap section pressure data from the NASA/Ames Phase IV wind tunnel 
test have teen, plotted and integrated. However, flap pressure data were 
available for only two flap angles, & F *> 5,0° and 75°, It Was anticipated that 
flap pressure data for Flaps 50° and 75°, as well as lower flap angles, 
would be available from the 0.7 scale static test. It was believed that 
by using proper scaling and correlation procedures that the Flap 50° and 75° 
static test pressure data could be "calibrated' 1 using the HASA/ Ames Phase XV 
pressure data. This "calibration" would permit extrapolation of the static 
test pressure data results for the lower flap angles to forward speed 
conditions - 

The general approach taken was to determine an' equivalent dynamic pressure 

for the static test and show that the slopes of the element (shroud.-, coanda 

and flap) section coefficients versus isentropic thrust coefficient (C T ) 

J I 

curves were the same as those of the NASA/ Ames Phase IV test. The intake 
was not included as it was known that the static intake loads were not 
directly comparable to the loads at forward speed. C x had been shown to 
be a good correlation parameter for the model loads in the NASA/ Arnes Phase I 
and Phase III wind tunnel tests. It was believed that the approach, taken 
is valid since the loading on the augraentor flap is primarily a function of 
the primary no sale thrust. 

After the equivalent dynamic pressure ( 5.9 PSF) for the static test is 

determined, the integrated section pressure data can be converted to aerodynamic 

coefficient form. The isentropic nozzle thrust (which is a function of nozzle 

pressure ratio) can also be converted to isentropic thrust coefficient (C T ) 

J I 

using the equivalent dynamic pressure and scaled wing reference area* 
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Figures 17 9 through -90 present a comparison of static test and. NASA-Amee 

Phase 17 element section coefficients as a function of isentropic thrust 

o 

coefficient for flaps 50 ° and 75 * For flaps 50 there is good agreement 
between the slopes of the static test and NAS A- Ames. Phase IV curves. Although 
the agreement in slopes for flaps 75° is not as good as that for flaps 50 ° , 
it is still a fairly reasonable agreement. 
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Acoustic Data 

Uoise levels were recorded for several configurations simulating operations of 
the outboard section of tne jet-augmentor flap system. Changes in the 
configuration parameters are listed in Figure 111 an a function of run number. 

One- third octave band sr.eoti'u are presented, in Figures iyP through 202 for the 
slot nozzle, 3 0° flap, (0° flap, Co n flan ana ?>° flap configurations us a 
function of pressure' ratio and as a function of angle, “fhe maximum perceived 
noise levels for each configuration as a function of pressure ratio are shorn 
- in Figure 210, 

Observed in the analysis of the .spectra are several eo.stunt and variable 
characteristics . hoioe ce note red about the 03 cit, ore-third octave bund is 
Attributed io noise from the microphone nyoteu, 'cue spectra exhioit a Iron i 
cand ‘list ribution of energy henveeu OOu and odCD cps { see Figure 111 and ip ; ) . 

Cpuri ous noice vac cl serve i several times tnroupaout the test at the L'/b-JI’i cps 
tuifu octave bands, it was determined that thin n z < .1 n c came from, t h* j 
microphone and was suisequently eliminated by readjusting the diaphragm of the 
mi or or, hone. ‘lie- spectra should continue to "fail-off" from bOO-Sud ops down to 
the noise floor of approximate iv 77-5 ro So dL« at 50-f.Cl ops . fesorete tones 
ucre generated (ree Figures !'??■ and 203) and arc considered to be a function of • 
tne position. uLraxiettr Z (Figure 1 01 ) . Vhece tones are eonsiderea to be due to 
pressure dictum anced propagating through the quaternary slot (the opening l ctxttn 
the lover surface of the Co-aida and the flap}. Ax several large flap angle ccnf?r- 
uralions there was observed an increase in high frequency energy' clout the if ,?00 
op-, one-uni rd octave burnt (Fog Figures 2J1 5 2bi an i LOc ) . A narrow band frequency 
analysis o t tnio uifu frequency energy io shown in Figure 20l , This hirb freouenev 
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energy is resolved, into two components which corres])on& to the characteristic 
frequencies of each half of the double slot nozzle. Insufficient information 
is available to determine why some configurations reinforce the generation of 
pure tones. The use of the lift, dump flap run hjC, (Figure 195) caused no 
observable changes in the characteristics of the spectra. 

Peak overall sound pressure levels and peal: perceived noise levels were observed 
to occur approximately at 40° relative to the centerline of the slot nozzle. 

At a pressure ratio of 2.5, the noise levels of the jet -augment or 50 ° flap 
configuration were approximately 1 PUdB above the estimates made prior to the 
test. (These levels were observed to increase from i to 3.5 PKd3 as the flap 
angle varied from the 50 ° position (see Figure 210 ). At lower pressure ratios, 
tne noise level of the 30 ° flap configuration is consistently higher than rhe 
levels for the higher flap angles. 
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CGIICLUSIGb'U 


The 0,7 scale full span augmentor flap Model which was tested has a very close 
representation of the' system, designed for the Modified e-BA airplane, including 
the nozzle supply ducts, nozzle contours, nozzle turning vanes , duet flow 
conditions, and augmentor' flap geometry , The following summarizes the major 
conclusions that resulted from this test: 

1. The maximum static augmentation ratio produced by the model was 3,39 (based 
on measured nozzle thrust) and 1,27 (based on nozzle isen tropic thrust). 

5*. The 0,7 scale model developed approximately t higher thrust aufonenfcation 
than the Anes Phase IV tent model (Reference 3). 

t 

3. Maximum nozzle velocity coefficient attained was 0,92, at a pressure ratio 
of 2.5." 

I*. The model upper nozzle turning vanes overturned the flow 3.5° which 

resulted in changing tile design of the airplane turning vanes by this amount, 

5. Maximum static thrust .augmentation was developed with an augmentor 
aiffuser angle of h° and an augmentor tnroat to nozzle heignt ratio of 
15 to 17. 

6, Static augmentation was not particularly sensitive to intake door 
position . 

. 7- The Coanda flap nosition optimizations demonstrated that model 

performance was b times more sensitive to flap movements in the Z direction 
than in the direction. 
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v. Tne lift, bump system smoot: „by spoiled the augment or thrust from maxi m 
tnrust to slightly negati v* thrust. l* ve]j. 


Ike augmentor perf ornna- was not renrUivo to upper t-.nl W* r uos&lt's 
operating a". moderately unequal pressure ratios. 

10. With an aupr-wntor system exposed inclement weather conditions flap 

exit moment cm surveys is not a reliable method for accurately ueierirJLnL’iy 
augment or thrust. 


— noise L-vol a v»i tno Jot— aiigpiuiitor Ir! 5 id. ui, ■ ‘ 0:1 f i /rur at i on ware approx- 
imately 1 K.'bB an we tno estimate mr.de pri _.r to the test, Tue noise levels 
war-- otservtu to increase from .? to 3o -'Id.' as the flap an rl-. varies. fror. 
the t0° r?u.:itir,n. 


1 - * '-* 1 - P escape totve-n the I at ah', dorr and l:;>j upper uoxxle external s .irface 

should be convoivant ox' par >iiel to pr^vlic- vibration free or>-,r ztlon. 

1-i, Ihe test esta v iiohed that a sinrLc- f I np r.ivot point could profile 

satistaetcry performance for a large variation of <f,, , and a gool comproni zn 
i civet n single and double nosxlo pe r f err -.an e >j rc-ouiruments . 

It. the nurmentor p^rforvuv'e is s j rnifi cant ly reduce i cy even small obstruct! one 
in ti.e o.' 3 r wont. or >.uroat. /> sfcraiykt intake door arm v as incorporated in the 
airplane design to preserve an ion obstructed augment or throat. 

1!, . Hie audltv on oi' simulated airplane flap t raeketry to the test model did 
not measurably affect thrust augmentation. 

lC. Fairly good cor red at 5 on between the tries Phase IV (deference j) flap 

sec ticn Loating on.l those scaled from the 0 , ( scale model using the eqnirnlon 


velocity method of hefereuce 0 was obtained. 
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APPENDIX 

BASIC EQUATIONS USED 


o Resultant thrust ? - \/ ( j ) ^ + ^ + ^2 


o Resultant vertical thrust 
angl e 0 


arc sin 


L/'I 


o Resultant sire thrust 
angle ^ 


- arc sun 


S/T 


o Nozzle velocity coefficient C_ (flaps off) or augmentation l-atio AR 

(flap? on) = T ' . n 

1 T 7 — tf srngle ilov case 

rl 1 


or 


■ v ^ K, • V 
^UN I UN ri LlI I IM 


cual flow case 


UN - upper nozzle 
LN - lover nozzle 


where : I-I^ -- the measurer’ mass flor rate 


Vj ■ isentropic velocity - f 

T-T~ 


1 - 


'? T \ ?-x 


where 


V - 14C 

g = 32.17a ft/sec 


PT/PA -- pressure ratio at fuct entrance charging 
station 


o Nozzle flor ciefficient 
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